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ABSTRACT 
The literature survey reveals little information relating 
directly to deinking waste. This waste is composed mostly of 
coating and filling pigments such as clays and calcium. carbon­
ate therefore a study was made along these lines. Hauser (g}, 
and other colloidal chemist, generally agree that clay and 
other pigment suspensions can be dispersed with certain chem­
ical additives. This is said to be attributed to the active 
forces of repulsion between the particles which in turn pro­
duce a marked effect upon the now properties. Further studies 
reveal that the Hercules Hi-Shear viscometer has been useful 
in analyzing high solids pigment suspensions which display non­
Newtonian properties and during application are subjected to 
high rates of shear. An example of this is high solids coating 
colors as applied to a webb of paper at high machine speeds. 
A study of concentrated deinking waste from paper mills 
was made to find if solids content could be raised without in­
creasing the viscosity. Many chemical additives were tried 
without marked effect. 
The high viscosity of deinking waste is due primarily to 
the small amount of fibers present. Removal of some of these 
fibers through wet screening, keeping the solids content con­
stant, showed a marked drop in viscosity. 
Repeated wasnings of deinking waste indicated that it is 
already in a dispersed phase as received from the deinking 





In research aimed at reducing stream pollution 
by filterin8 paper mill deinking waste from water it 
has seemed desirable to modify tre viscosity of the 
the filter cake. In order to accomplish this more 
effectively the physical and chemical nature of de­
inking waste should be investigated. A literature 
survey reveals there is little published material in 
this field. Therefore a literature survey was made 
on subjects related to deinking waste. 
Viscosity reduction by chemical means is not a 
new problem and has been solved by many fields of 
industry. For example Scripture (13) demonstrates 
the use of calcium lignosulphate as a ce:rrent-dispersing 
agent in the concrete industry. The Marathon Corp­
oration (4) has shown that some types of marasperse 
dispersants may be utilized to bring about a reduc­
tion in the viscosity of oil well drilling muds. 
Dicyandirunide (3) is also used to reduce flocculatio,n 
caused by salts in oil drilling muds, thus controll­
ing the viscosity. 
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Some Characteristics of Deinking Waste 
"The characte ristics of deinking waste depend large­
ly on the kinds of waste paper charged into the cookers 
or digesters, the type of process and chemicals applied, 
the quality and quantity of water used" (9). 
The cake obtained by filtering paper mill deinking 
waste appears as a gelled mass which upon agitation 
changes to a somewhat fluid liquid. When agitation is 
ceased the material returns to somewhat its original 
form (12). This flow property has been noticed in clays 
(2) and is referred to as 11thixotropy11 • The filter cake
varies in percent solid content from sample to sa.rnple. 
The pH of deinking waste is relatively alkaline due to 
the large amounts of soda ash and caustic used in the 
process (12). 
In deinking waste it is possible to find a varied 
composition of mostly non-cellulosic materials, the most 
important of these being filler and coating clay (?). 
Some of the other commonly used coating and loading 
agents found in paper are barium sulphate, calcium car­
bonate, calcium sulphate, diatomaceous silica, lumines­
cent pigments, satinwhite, talc, titanium dioxide, zinc 
oxide and zinc sulphite (15). Clays of ·the naturally 
occuring hydrous aluminum silicate type have been used 
for many years as coating and loading agents. In recent 
years they have become the most important single pignm t 
used (5). 
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Some Characteristics of Colloidal Clays 
Hauser (8) explains that when a colloidal particle 
is placed in an electrolytic medium two forces are exert­
ed. One force is the result of the ions that are firmly 
attached to the surface of the colloidal particle. The 
second force is due to the ions of opposite charge that 
concentrate around the particle trying to neutralize its 
charge. Because there are some freely floating ions of 
opposite charge in the electrolytic medium, these opposit­
ely charged ions will carry a charge opposite that of the 
colloidal particle. Within the diffuse double layer sur­
rounding the colloidal particle are the adsorbed and non­
adsorbed ions. These ions cause the colloidal micelle to 
be in balance with its surrounding medium (1,5,8). �he 
repulsive forces at the micellar or diffuse double layer 
are very strong when in an electrolytic medium. These 
forces prevent the colloidal particle from coming into 
close range and causing neutralization of the charge, 
thus preventing like com9osition (1,2,8). 
'men clays are dispersed in an electrolyte the neg­
ative ions are adsorbed on the clay particle thus increas­
ing its negative charge and net charge of repulsion. 
This also increases ion exchange activity and hydrat­
ability (5,8). Due to the adsorption of ions from the 
dispersing medium by the colloidal clay particle or the 
dissociation of ions from its surface into the dispersing 
medium, The dispersing medium will possess an excess 
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quantity of ions of opposite charge to that of the clay 
particle ( 8). 
With the use of a MacMichael viscometer Arnold (1) 
found that when clay slip concentrations are increased 
the dispersant requirements are also increased to main­
tain a minimum viscosity. The dispersants used were 
tetra sodium pyrophosphate and sodium silicate. Arnold 
(1) has shovvn that when mechanical work was applied to
a clay slip of knovm concentration through the use of a 
ball mill the flow properties changed in relation to the 
amount of work applied. The changes that took place 
during milling were a decrease in particle size and an 
increase in hydration of the particles. There was an 
initial decrease in viscosity then a gradual increase 
over a period of time. The increase in viscosity was 
attributed to an insufficient amount of dispersing agent 
to cover the newly formed active surfaces of the clay 
particles. 
Asdell (2) in his studies of "The Dispersion of 
Coating Clays" mentions that when a large excess of 
sodium ions (Na20) are built up in a dispersed clay 
slip, flocculated sodium clay results. This is due to 
the reduced effective distance of repulsive forces at 
the water hull or diffuse double layer. If a clay slip 
of selected particle size is not completely dispersed 
due to insufficient or too much dispersing agent, thixo­
tropic characteristics result. This is caused by the 
flocculation of particles (7). Asdell (2) has also 
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shown that clay slips may be dispersed to a minimum 
viscosity over a wide range of pH values by selecting 
the proper dispersing agents. Some of the agents used 
were tetra sodium pyrophosphate, sodium silicate, sodium 
tetra phosphate, sodium meta silicate, sodium hexameta­
phosphate and a combination of s.odium lignosulfonate and 
sodium hydroxide. 
Hauser (8) said that 11whenever a cation is disper­
sed in water these cations hydrate and depending on 
valency and hydratability, dissociate to a certain dis­
tance from the surf ace of the particle and there� by ·build 
up a diffuse electric layer and give rise to the formation 
of colloidal micellen . 
The ion exchange for the Hofmeister series of cations 
is as follows; 
a. Exchange reaction for monovalent ions,
Li Na K NH4 Rb Ca.
b. Exchange reaction for multivalent ions,
Mg Ca Sr Ba La. 
Hauser (8) describes the negatively charged clay 
particle as a complex anion whose equilibrium depends 
on the anion adsorption onto its surface. 
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Terms Connnonly used in Rheology of Paper Coating 
The viscosity of a material is defined as its resis­
tance to flow. The coefficient of viscosity is the shear­
ing force in dynes per square centimeter. A dyne (16) is 
the force acting on a mass of one gram which will give it 
an accelaration of one centimeter per second per s�cond. 
The unit measurement of viscosity is the poise (11). 
A yield value is the smallest amount of shearing 
force that must be applied to a plastic material to start 
a smooth continuous flow. This smooth continuous flow is 
commonly called a laminar flow ( streamline or telescopic 
flow). The yield value is measured in dynes per centi­
meter ( 6, 11, 14). 
Dilatancy is associated with close packing of the 
dispersed phase and is defined as the property of  sus­
suspension which gives increasing viscosity with increas­
ing shear rates (2,6,11,14). 
Thixotropy is said to be a reversible gel-sol trans­
formation (1,8). This is clearly illustrated by Hauser 
(8) and is defined as that property of a material which
causes a decrease in viscosity when shear is applied and 
an increase in viscosity upon rest (11). Thixotropic 
materials have yield values (2,6,10,11,14). Other 
important flow properties are found in the rheology 
of paper coating (2,10,11,14). 
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A Description of some Viscometers used in Rheology 
The so called single-point viscometers such as the 
Ostwald viscometer (a capillary instrument) and the efflux­
type (a viscosity cup) are of little value in measuring 
materials other than Newtonian or simple liquids. Vis­
cosity is a function of time (6,il). A 1mown volume of 
material is placed in the instrument and passed through 
a calibrated orfice. 
The Stormer viscometer has a rotating cylinder which 
is immersed in a stationary cup that holds the material 
being tested. A falling weight rotates the cylinder. 
Shear rates may be varied by increasing the mass of the 
falling weight (6,11). 
The Brookfield Syncro-Lectric viscometer is capable 
of measuring viscosities over a wide range of centi­
poises by varying the spindle or cylinder size and the 
speed of the drive motor. This viscometer is used in 
many laboratories as a control instrument (11). 
The Hercules Hi-Shear viscometer according to Smith 
and Applegate (14) was designed for the study of high­
solids pigment suspensions at high rates of shear for 
short time intervals. Most flow properties can be 
measured with this instrument. The operating instructions 
accompany the machine or may be obtained from the Martin­
son Machine Company, KalanIB900, Michigan. 
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The Hercules Hi-Shear viscometer produces a consistency 
curve or rheogram on which is plotted automatically the 
rate of shear versus shearing stress for equal time inter­
vals. Two curves are plotted on the rheogram. The up­
curve is formed by increasing rates of shear and the 
down-curve by decreasing rates of shear. In the case 
of Newtonian fluids the up and do�m curves coincide. 
Water has this ideal condition of constant ratio. If 
an additional internal structure is present and capable 
of modifying this constant ratio the material is said 
to exhibit structural viscosity. This gives rise to 
some of the flow properties mentioned previously. With 
the Hercules Hi-Shear viscometer these flow properties 
are easily duplicated, and a high degree of accuracy is 
obtainable. Formulas for solving rheograms numeric ally 
were derived by Green and simplified by Smith and Apple­
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OUTLINE OF EXPERIMENTAL WORK 
Many general tests will be made on deinking waste 
samples before attempting to disperse the material. 
These tests will be, beneficial in determining the chem­
ical and physical make up of deinking waste, which 
should aid in deciding on types of chemicals that may 
disperse deinking waste. Some of the tests will in­
clude: 
(1) An analysis of deinking waste to determine the
percent clay, calcium carbonate, water, organic
material and other things (see Table l).
(2) Hardness tests on supernatant water for calcium
and magnesium.
(3) Checking the pH of original sample then adding
different percentages of acids and alkalies to
observe the effects that these reagents may have
on flocculation and deflocculation at different
pH values.
(4) A viscosity measurement of deinking waste by use­
ing the Hercules Hi-Shear Viscometer. The init­
ial measurements will be made on the original
sample. After this, attempts will be made to
measure viscosities of samples to which have been
added different percentages of dispersing agents.
A large sample of deinking waste will be dried at
l05oC. At this temperature the fibers are not de­
graded. These samples will be dispersed with dis­
tilled water at different concentrations.
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TABLE I 
Flow Sheet For 










2. Heat in oyen overnight at 105°c.
3. Pulverize sample.
4. Add dilute HCl and digest in hot water bath for 1 hour.
5. NaCl; CaC12; Fec13
; AlC1




7. NaCl; Ca(OH)2 insolution. 
8. (NH4) 2c204; heat.











Clay; s102; Ti02; organic material
in the precipitate. 
Coned. H2so4 plus 20� KN03
heat 20 minutes and cool. 










Some of the dispersing agents that will be used 
are, tetra sodium pyrophosphate, sodium silicate, sodium 
tetra phosphate, sodium meta silicate, sodium hexameta 
phosphate, sodium hydroxide plus sodium lignosulfonate 
and Calgon dispersants. In connection with these disper­
sing agents acids, alkalies and there salts in different 
concentrations will be added as a pH regulator, because 
some dispersants are known to be effective at different 
pH values. 
If there is no reduction in viscosity by using only 
chemical dispersants, wet grinding of samples in a ball 
mill at different percent solids with different percent­
ages of dispersing agents will be tried. 
After each attempt to disperse a sample of waste a 
viscosity measurement will be made. 
Some viscosity measurements will be made on disper­
sions of the calcined product. These measurements will
be made on the calcined products at different percent 
solids and dispersants to observe the effects of calci­
nation. 
Since the small amount of fiber present in deink:1:g 
waste could possibly give rise to the complexity of its 
flow properties, a separation of the fibrous from the 
non-fibrous material will be carried out to show the 
effects on viscosity. 
Below is a sample calculation of a Hercules Hi­
Shear viscometer rheogram. 
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Sample calculations of a Hercules rheogram. 
Instrument constants are needed for calculating 
yield value and plastic viscosity. Sand Care con­
stants for the specific bob used. In the calculations 
below a bob of 2.5 cm high with a radius of 1.95 cm. is 
used. For all rotational viscometers 9.55 is a con­
stant. For the above bob Sis equal to 3.262 X 10-4 
and C is equal to .01465. 
Torque at 1,000 r.p.m. (from rheogram) T
1000 
equals 
900,000 dynes/ cm. Torque at 500 r.p.m. (from rheogram) 
T5oo equals 760,000 dynes/ cm. Torque at T2(extrapo­
lated straight line portion of down curve, from rheo­
gram;) T2 Equals 100,000 dynes/ cm. 
1. Apparent viscosity at 500 r.p.m. N5oo equals 9.55 X
T500 XS/ r.p.m. equals 9.55 X 760,000 x 3.262 X 10-4
/ 500 equals 4.72 poise.
2. Plastic viscosity at 1,000 r.p.m. u1000 equals
9.55 (T1000 - T2) S / r.p.m. equals 9.55 (900,000 -
100,000) 3.262 X 10-4 /1000 equals 2.49 poise.
3. Plastic viscosity at 500 r.p.m. u500 equals 9.55 X
(T500 - T2) S / r.p.m. equals 9.55 (760,000 - 100,000) 
X 3.262 X 10-4 / 500 equals 1.026 poise. 
4. Yield value (or stress) F equals T2c equals 100,000
X .01465 equals 1465 gm./ sq. cm.
5. Rate.of shear coefficient of' thixotropy M eQ_uals 2 X
(U500 - U1000> /:.ln (W� / W1) equals 2 (1.026 - 2.49}
/ 2 X 2.3 X log102 equals - 4.24 dynes/ cm-sec. 
l-'Clc:,O .J.V Hand-drawn simulation of a 
Hercules rheogram using a bob of 2.5cm high 1.95 radius 
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PROCEDURE AND RESULTS OF EXPERIMENTAL WORK 
Three samples of deinking waste were analyaed following 
Table I, with results shown in Table II. As would be expected 
from the diversity of raw materials coming to a deinking mill, 
samples of waste differ in composition. 
Table II Composition of Deinking Waste {Dry Basis.). 
Sample I Sample II Sample III 
Clay; Sio2 59.00% 62.32% 53.65% 
Fiber 21.10 26.63 36.34 
_Fe {OH) 3; Al {OH)3 00.59 
00.98 00.99 
Na as NaCl 9.50 6.71 5.32 
Ca as Cao 00.59 1.02 00.76 
T102 00.41+7 None None 
Alcohol extractive 2.09 -- --
An ether extraction was made on a small portion of the 
alcohol extractive material which gave a qualitative test for 
rosin following TAPPI Standard T-408 M-52. 
Since deinking waste or sludge is made up largely of 
coating clays, filler clays and other pigmaits, certain ad­
ditives were tried which have shown dispersing powers toward 
clays or similar materials. 
Initial plans were to use the Her cules Hi-Shear viscometer 
in this work but after many attempts it was found that the in-
strument operated at speeds too high to be used on concentrated 
deinking waste as received. 
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Preliminary- tests, using this instrument, gave good results 
with high solids clay-water slurries. Graph I is a copy of 
one rheogram obtained, using a 73% clay-water dispersion. 
The curves or rheograms obtained,using deinking waste as 
received,showed little variation in torque readings. The up 
and down curves coincide as in Newtonian fluids. (See Graph II). 
Because this instrument has been valuable in analyzing 
pigment suspensions of high concentrations, the concentra­
tion of deinking waste samples were increased and further 
attempts were made to use the instrument. 
When measurements were made on waste that had been evap­
orated to 28.53% solids content, the recording pen moved off 
the graph at approximately 300 r.p.m. in all eases. This 
was thought to be a good range to work in because the vis­
cometer gave indication of making some type of measurement or 
line on the graph. 
Tetra sodium pyrophosphate, because of its good results 
on clays, was used first in an attempt to disperse the waste 
at 28.53� solids content. 400 mls. of waste was weighed out 
into a beaker, and the additive was tried at increasing per­
centages with agitation for 10 seconds in a Waring blender 
after each increase. After each addition of additive, a vis­
cosity measurement was made. The following is a tabulation 
of the results. 
� 
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Table III. Effect of T.S.P.P. at Various Concentrations 
Percentage of T.S.P.P. added 









Viscosity as expressed in 
dynes/cm. at 350 r.p.m. 
The readings were in 




Measurements were attempted under the same conditions 
using other additives. These were:
1. Tetra sodium pyrophosphate
2. Sodium silicate
3. Sodium meta silicate
4. sodium tetra phosphate
5. Sodium pyrophosphate
6. Sodium hexameta phosphate
7. Sodium Lignosulfonate










In all cases, with up to 5% of these additives, the results 
were above the machine limit. 
Because of the difficulties encountered in using the 
Hercules Hi-Shear viscometer and the time involved in making 
readings it seemed advisable to use a Brookfield viscometer 
which operated at speeds from 10 to 100 r.p.m. This in­
strument gave close reproducibility on different samples 
of sludge from the same batch when centipoises were plotted 
against r.p.m. However it was noticed that when plotting 
time against viscosity there was a decided drop in viscosity 
reading from the first few revolutions of the instrument up 
to a period of about three minutes. Below is a tabulation 
of the results. Graph III shows these same data. 
Table IV. Effect of Time upon Viscosity. 
Concentration-lo% Temperature-24oC. 

























This decrease was thought to be due to a settling of the 
heavier particles. 
Due to the fast initial breakdown of the viscosity it 
was necessary to make measurements within the first five 
seconds of the test. This way viscosity reduction with 
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A better means of measuring the viscosity having been 
found, 400 mls. of deinking waste at 10 percent solids was 
placed in each of fifteen jars. To each of these was added 
a different additive at increasing concentrations or per­
centages. After each addition of additive the sample was 
agitated in the waring blender for ten seconds and a Brook­
field viscosity measurement was made. Below is the tab-
ulation of results obtained. Graph IV shows these same data. 
Table V. E.ffect of different additives upon viscosity. 
Additive Percent additive Brookfield viscosity 
20% Victamide o.o 2500 
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Table V. Effect of Different Additives Upon Viscosity. 
Additive Percent Additive Brookfield Viscosity 
Cps. 
Sodium tetra o.o 2200 






3 .o 2250 
5.0 2300 
Sodium hexameta o.o 2550 
phosphate 0.2 2ro 0.3 2 60 




3 .o 2ioo 
5.o 2 50 
Tetra sodium o.o 2450 
pyrophosphate 0.2 2500 
0.3 2.500 
o.5 2r0o.8 2 0  




90% sodium o.o 2450 
lignosul.fonate 0.2 2400 
plus 0.3 2450 
10% sodium o.5 2350 
hydroxide o.8 
280 (total mixture l.5   
was .50% water & 2.0 2 00 
.5o% of additive) 3.0 2 0 
.5.o 2450 
Sodium silicate o.o 2300 
o.5 2300 




Table V. (Continued) 
Additive Pereent Additive Brookfield Viscosity 
Cps. 
Sodium o.o 225Q 






















210 0.5  
o.B 2 50 




Coned. H2S04 o.o 
2250 











Coned. HN03 o.o 24-50 0.2 2�00 
0.3 2 00 
o.5 2�0 




5.o 2 0 
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Because no marked results were obtained by using the various 
additives it was thought that the small amount of fibel!."s could 
be the reason for high viscosity. To observe the effects of 
fiber removal, a large volume of deinking waste was diluted to 
3 percent solids and agitated in the Waring blender for about 
15 seconds, then screened through a 325 mesh screen. It was
observed that upon fiber removal, this material settled out 
much faster than waste as received at the same solids content. 
The top water was relatively clear as compared to a similar 
dilution which included the fibers. The solids content was 
adjusted by removing most of the top water and then by evap­
oration in an oven at 105°0. A viscosity curve was made on 
this material. The results as compared to the original sample 
are tabulated below. Graph VI shows these same data. 
Table VI. Brookfield Viscosities With and Without Fiber. 
Percent Solids-10% Temperature-22oc.
r.p.m. Waste Without Fiber Waste With Fiber 
{Spindle No. 1) {Spindle No. 3) 
10 40 2000 
20 24 1250 
50 20 650 
100 20 400 
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Since rosin was present, was sodium resinate, it was thought 
that perhaps the deinking waste as received was already. in a 
dispersed condition, and a procedure was devised to test this 
idea. An attempt was made to wash out the resinate. 400 mls. 
of a 10% solids deinking waste was diluted eleven times then 
agitated with a glass rod for 30 seconds. The solid material 
was then allowed to settle out. After one week the water 
above the settled solids was still dark with suspended matter. 
Attempts were made to filter the suspended solids fr0m the 
decanted top water. This was carried out with little success 
because the suspended particles penetrated the filter paper 
and prevented the flow of water. The solids content of the 
original waste was reduced to 6.58% and the above procedure 
was attempted again. This time the suspended solids in the 
decanted top water were not as noticeable and filtered at a 
higher rate. The filtrate was placed in another container 
and filtered again. The solid material remaining on the 
filter paper was returned to the washed deinking waste. This 
was done because it was thought that these fine particles, if 
removed, could affect the viscosity reading. The solids 
content was adjusted to 6.58%. The above was again repeated 
making a total of 22 washings or"elutriations"made on the 
original waste at 6.58� solids content. In colloidal chemistry 
this process is connnonly referred to as 11elutriationu. 
Viscosity curves were made on the original sample and after 
each elutriation of the sam� sample. Below is a tabulation 
of the results. Graph V shows these same data. 
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Table VII: Effect of Elutriation upon Viscosity of 
Deinking Waste. 
0 equals original sample before washing. 
C/11 equals original sample washed 11 times. 
C/22 equals original sample washed 22 times. 
Temperature-23°c. Spindle No. 3. 
Brookfield Viscosity-Cps. 
r.p.m. 0 c/11. C/22 
10 700 825 1000 
20 425 550 625 
5o 225 275 350 
100 125 150 225 
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When small amounts of alum were added to a 2 � concentration 
of deinking waste it was observed that the rate of settling 
was increased markedly in comparison to a like sample that 
had no alum treatment. This is connnonly observed in clay­
water dispersions where the alum produces defloeeulation. 
This inf'ormation,along with the effects of' elutriation,might 
indicate that the waste as received was already in a dis­
persed condition. 
CONCLUSION 
Additives of kinds often used in dispersing clays and 
similar materials had little or no effect upon the viscosity 
of deinking waste. 
Fiber content showed a marked ef'fect upon viscosity; 
therefore one approach to a lowering of viscosity would be 
to somehow minimize the f'iber content of' the waste. 
Washing of the deinking waste gave a somewhat higher 
viscosity, indicating that deinking waste as received might 
have been in a dispersed phase. 
